Abstract. Oral papilloma is a benign tumourous lesion. Part of this lesion is associated with human papillomavirus (HPV) infection. We analysed the genetical and histopathological evidence for HPV type 2 infection in three oral papillomas. Southern blot hybridization showed HPV 2a sequence in one lesion. Cells of the positive specimen appeared to contain high copy numbers of the viral DNA in an episomal state. In situ staining demonstrated virus capsid antigen in koilocytotic cells and surrounding cells in the hyperplastic epithelial layer. Two other specimens contained no HPV sequences by labeled probe of full length linear HPVs 2a, 6b, 11, 16, 18, 31 and 33 DNA under low stringency hybridization conditions. These results showed the possibility that HPV 2 plays a role in oral papilloma.
Introduction
More than 70 human papillomavirus (HPV) types have been reported. HPV 2 can replicate in the epithelium of skin [13] , oral and anal lesions [4, 17] . In the oral cavity, the HPV 2 sequence has been identified in squamous cell carcinoma [6] and verrucous carcinoma [2] as well as verruca vulgaris [14, 16] . In spite of the high detection rate, HPV 2 has not been described as fully as HPV 6, 11, 16 and 18 owing to the absence of a clear proof of malignancy.
In the oral cavity, papilloma is a frequent benign tumourous lesion. The predominant sites are the tongue and the palate, and there is no clear difference between male and female. Histopathologically, this lesion shows peduncular exophytic growth with a fibrous connective tissue core covered by epithelial papillary projections. The epithelium shows parakeratosis and hyperkeratosis. Atypia has been reported in a part of this lesion [1] . Frequent hyperkeratosis, koilocytosis, dyskeratosis, papillomatosis and acanthosis suggest possible HPV infection [11, 18, 19] . However, all such lesions were not of viral origin. HPV particles and/or antigens were seen in part of oral papillomas [9, 15] . HPV 1 antigen was detected in two out of 50 oral papilloma specimens [20] . Association with HPV 2 has not been reported to date.
In this study, we investigated 3 oral papillomas for HPV 2 infection by southern blot hybridization, and the localization of HPV capsid antigens within tumour tissue by in situ antigen staining.
Materials and methods

Tissue specimens and histopathological study
Tissue biopsies which were clinically diagnosed as tumourous lesions of the oral cavity from 34 patients attending the clinics of the Dental Hospital of Hokkaido University, Sapporo, Japan, for one year were selected for this study. All surgical tumour biopsis were collected prior to any kind of therapy.
For the histopathological study, one half from each biopsy specimen was fixed in 10% neutral buffered formalin, embedded in paraffin, cut and stained with hematoxylin-eosin. Three pathological specimens diagnosed as papilloma are shown in Table 1 .
DNA extraction and southern blot hybridization
The other half from each specimen was washed with phosphate-buffered saline and cut with a surgical scalpel on glass as finely as possible. The diced pieces were suspended in a solution containing 1 mM EDTA, 0.5% sodium dodecyl sulfate (SDS) and 10 mM Tri-HCI (pH 8.0), and then digested overnight with 50 µg/ml proteinase K at 37 • C. DNA was purified by extraction with phenol equilibrated with chloroform : isoamyl alcohol (24 : 1) twice and dialized to 10 mM Tris-HCI (pH 8.0)-1 mM EDTA (TE). The resulting DNA solution was treated with 20 µg/ml RNase A at 37 • C for 30 min and digested with 50 µg/ml proteinase K in 0.5% SDS at 37 • C for 2 h, followed by extraction with the above phenol solution three times. The DNA solution was then dialized to TE (pH 8.0).
The southern blot hybridization was as described previously [23] . In brief, 10 µg of DNA was digested with restriction enzyme(s), electrophoresed in 1% agarose gel, and transferred onto a nylon membrane filter NYTRAN N13N (Schleicher & Schull, Dassel, Germany). Filters were hybridized with labeled HPV probe DNA and washed under low or high stringency conditions. The probes used were linear full length HPVs 2a, 6b, 11, 16, 18, 31 or 33 DNA separated from the vector plasmid by the appropriate restriction enzyme digestion and agarose gel electrophoresis, and labeled with α-phosphorus-32 ( 32 P)-dCTP using Random Primer DNA Labeling Kit (Takara Shuzo Co., Otsu, Japan). Autoradiography was performed at −80 • C. 
In situ detection of HPV capsid antigen
The staining procedure was as described previously [23] . Anti-bovine papillomavirus (BPV) capsid serum was purchased from Dako Co., Santa Barbara, CA, USA, and unimmunized rabbit serum was the negative control. The paraffin sections were incubated with one of the above primary antisera, followed by detection by the avidin-biotin-peroxidase. The chromogenic substrate reagent for detection was 0.02% hydrogen peroxide and 0.05% 3,3 -diaminobenzidine tetrahydrochloride.
Results
Southern blot hybridization analysis was carried out to detect HPV 2 sequence. One specimen was hybridized with labeled full length HPV 2a DNA probe under high stringency conditions. The size of the detected Bam HI digested fragment was approximately 6.0 kbp (Fig. 1(A) ), and the Pst I digested pattern was somewhat different from that of typical HPV 2a-e. The sizes of the observed dominant hybridized bands were 5.2, 4.1, 3.9, 2.3, 1.5 and 0.7 kbp. Some additional minor bands may be due to partial digestion ( Fig. 1(B) ). This specimen contained high copy numbers of HPV 2 genomes judging from the intensity of the developed bands of one copy marker. The other two specimens showed no positive-hybridized bands on all types of HPV probe containing HPV 2a under both low and high stringency conditions (data not shown).
The HPV genome positive specimen was investigated pathologically in detail (Fig. 2(A) and (B) ). This case revealed irregular proliferation of the epithelium. The surface of the epithelium showed moderate to severe parakeratotic hyperkeratosis, and acanthomatous proliferations were also noted. A few mitotic figures were seen in the basal layer of the epithelium, but no atypical cells were observed. Koilocytic cells were present in the stratum granulosum of the epithelial layer.
Staining with BPV antiserum showed papillomavirus capsid antigen in this HPV 2 DNA positive specimen (Fig. 2(C) ). Positive signals were detected in the cytoplasm of koilocytotic cells and surrounding cells throughout the hyperplastic epithelial layer of the lesional region. None of the positive signals were detected when unimmunized rabbit serum was used instead of the BPV antiserum.
Discussion
One of the three oral papillomas contained HPV 2 DNA sequence with high copy number per cell and the other two cases contained no HPV sequences on southern blot hybridization. The positive specimen had the typical pathological features of HPV infection. Some koilocytes and surrounding cells were stained with BPV antiserum.
Subtyping for HPV 2 is mainly based on the Pst I digestion pattern. At present, HPV 2 is divided into a-e subtypes [12, 22] . The Pst I digested profile of the present virus was somewhat different from published patterns of HPV 2a-e. However, the 4.1, 2.3, 0.7 kbp fragments of Pst I digestion and the 6.0 kbp fragment of Bam HI digestion were identified with Pst I A, B, C and Bam HI A fragments of HPV 2a, respectively. These results strongly indicate that the present virus is HPV type 2a. Other Pst I bands were probably partially digested fragments.
Moreover, the absence of off-sized bands suggests that the viral genome is in the episomal state in vivo. Since linear viral genome exists within cell chromosomal DNA in the integrated state, the restriction fragments containing integration sites show off-sized high molecular weight bands. Two dimensional gel electrophoresis is very useful to see whether the HPV genome is integrated in host cell DNA or maintained in an episomal state [21] . Unfortunately, further examination could not be carried out due to a lack of specimens. The integrated state of HPV 2 has not been reported.
Since not all cells in the positive tissue material contained HPV sequence, the possible viral copy number per cell derived from the depth of hybridized bands is not accurate. Large copy numbers of HPV 2 per cell were detected in a squamous cell carcinoma of tongue base and in verrucous carcinomas in some oral regions [6, 14] , suggesting that amplification of the viral genome in the infected cell is required for tumourigenesis. Episomal amplification in tumourigenic state has been demonstrated for HPV 16 [3] and BPV 1 [10] .
In this case, positive staining for papillomavirus antigens with in situ immunostaining was confined to intracytoplasm rather than nuclei of koilocytes and surrounding cells. Previous reports specified intranuclear staining as positive, but positive cytoplasmic staining was detected in some cases as in the present study [7, 15] . The cytoplasmic staining was suggested to be the result of release of viral particles and virus associated proteins, and may be associated with specific HPV type(s).
Whether oral papilloma derives from viral infection is still unclear. Previous studies report HPV prevalence in oral papilloma varying from 4% [20] to 83% [11] using various detection methods. On the other hand, it is thought that most of the oral papillomas are the result of reactive proliferation by constant traumatic defects and that the remaining cases are true tumours. It is extremely difficult to discriminate between these two types. The various detection rate may due to this reason and/or the methods used.
In recent decades, new detection methods have been developed. The PCR method gives especially good sensitivity. But this method gives false-positive results due to carryover [8] . Since in situ hybridization and in situ immunostaining are carried out in paraffin-embedded tissues, these methods are useful for retrospective screening and treatment of larger numbers of specimens and show the localization of HPV histologically. The HPV detective sensitivity varied widely according to the investigator and the used method [5] , suggesting that the interpretation of HPV prevalence was very difficult. In spite of some disadvantages, southern blotting is valuable even now for additional information, such as integration and subtyping. By using low stringent hybridization with more types of HPV probe, which allows the detection of more distantly related HPV sequences, it may be possible to clarify the role of HPV in oral papilloma. Investigation of the clinical and histopathological features of oral papilloma for each detectable type of HPV is also necessary.
